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A target tracking algorithm based on
WSN deployment optimization and CPCRLB

GAO Huajin, JIANG Xiaoxiao, WANG Yongqi

( School of Electronic and Electrical Engineering, Shanghai University of Engineering Science, Shanghai 201620, China)

[ Abstract] Aiming at the problems of low coverage and limited node energy in traditional static wireless sensor networks
(Wireless Sensor Network, WSN) , this paper first proposes a node optimization deployment scheme based on Sparrow Search
Algorithm ( SSA). The method improves the coverage of the entire WSN and reduces the energy consumption of network
communication. Secondly, based on the optimized deployment of nodes, a Conditional Posterior Cramer —Rao Lower Bounds
(CPCRLB) is proposed. The target tracking algorithm is optimized with energy consumption, and an objective function that can
balance tracking accuracy and energy consumption is designed. The simulation results show that the algorithm proposed in this paper
can effectively improve the network coverage, and can reduce the network energy consumption to the greatest extent under the
condition of ensuring the tracking accuracy.
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Fig. 1 Network structure diagram
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Fig. 2 Flowchart of sparrow search algorithm
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Fig. 3 Random static node distribution map and the corresponding

network coverage

4001

3501

300

m
S}
w
[=3

ate/

2 001

n

zoord

2 150
.

1 00C

500 1000 1500 2000 2500 3000 3500 4000

X coordinate/m

(a) FEHLFSHBIAT R

0 0
(b) TABEHLEASTT 55 Y P46 3 175 o0
B4 MABHHETRSGREMEESERL

Fig. 4 The distribution of adding random dynamic node and the

corresponding network coverage



i

FE3M Eie4, & —FhET WSN #RE L1kl CPCRLB A H FRERERE R 153

K5 (a) J R SSA Sk AT M 45 ¥ 28 L 1k
JE B AT, AT LA A T AL S A B 35
s AR BT R A T R B A T —
5(b) WA G NG00, A LU L, 2% o ¢
AR R, B W XS B AR A AT S I L A

4000

3500
3000
2500
2 000

1500

Y coordinate/m

1 000

500

0 500 1000 1500 2000 2500 3000 3500 4000

X coordinate/m

(a) PLALJG BT 001

(b) PEAls i R 25 7 3 15 ol
Bs5 RUEHTRSHREMNEESERL
Fig. 5 The optimized node distribution and the corresponding

network coverage

T T ARG L N A AN 1 e
FEAYEAARRE , AP {5 REFETH I A2 45 R A0
DAY CRE RSO 12 28 B R S 1 i, I e Sk 1Y A
BB T AL Ak Bl X — i e T AR R REHE, )
DA R A 2 Rl 0, 285 SSA ALk J5
AR AT A T A T R R R 4% 0
REFEA T WL A A, 35X 0 AR BRER AT 55 1 52 R
St T R AT B FEa

R1 RBREHENESEEERER

Tab. 1  Sensor deployment coverage rate and communication
energy consumption
B/ %  WIHHERE/(10% n] - bit™")
RO TY 5 63.97 1.672 4
BEHLEF A+ BT A 81.91 1.3513
ACST 9715 s 50 A 90.14 1.085 8

3 MEZMAEBZE T RS BHRIRER

3.1 [EEHEIR
3.1.1  RGAEA
16 AARIRES % T AE 4 s 3 e B s, 7l
DI TR, 5 i — MR IR S8 V 1)
%, B S; A B (x4,%4) AECHR, = 1,
2,,No kBFZI BHAR RS 1 & Rom b X, =
[xk g ’9.51,/ 95/1;]T’xk s Yk ilé/j? k H#Z'J Edﬁﬂ,{ x ﬁhﬂ] Yy ZLHEE
AR, 1, v, TR kB2 EHERTE « BHAT 5 G
REREE . HARBYARAS Dy BEFNT 1 7 X H AR a2
SRR .
X, =FX,_, +W, (12)
Z, = arctan((y, = y;)/(x, —=x;)) +G,’
(13)
o, X, o8 kB2 BARRPIRE; F AV RESHEE
FERE i RS W, R IE DT 2R Q B
WririMers s 7,7 & k 205 j AR IR 506 BRI
WA G, AT 2258 o Mg
3.1.2 CPCRLB
H A BRI R TR AR AR N 46 1 — > A 5%,
R T RER A BRG], A T A B AR R 1 s 40
RS 53 HARiREs, 148 Bl 2k 2 — A m Al
ARG IRER T 2 5 B AR IR S, 16 AR A3 55 1 1 BR i 1
RERY RIS , BEREAR N 45 BE o
JE W T hi3E-% F AL (PCRLB) & H bRk B4k i+
(1) Fisher {5 546 FF ( FIM) B350 560 [ 25 3 7 HARMR
SR ZEIS F0 R 5 (HJE PCRLB JH5A FIH
SERRA M S84t RS ABIA TR A
LRI ZIRZS B SE 3640 A o , DR B Y H A
W52 EE , PCRLB AN RE 58 42 Sz W H Fm B E5 1 PEBE
SCHR[ 15 ] 4% 4 T 451 PCRLB( CPCRLB) ., CPCRLB
DL TR 200 B B S i o 4544, 45 1 T B ARk
BT BRB T iRZE A, BT CPCRLB
TN EAREYESEATAE L PGS S TR R
(=giin
CPCRLB J&7E T AL KT A kB 20 9 0
Z,, WEMEF A3 k + 12— Z,
BF, b+ 1B 222 qbot i B ARk X, irkne, B
MSE()A(HI | Z,.,) = Ef [XI.H = Xt [sz -
Xen 1"V Zy b =2 LX) Zy) (14)
X J& CPCRLB (5 S, RI7E b dE ol T~ H btk
SHtey R E TR, H, 7., Z2S5EPr e



154 /o i B M5 m M %135
WA, FFAZE—DBEYLA &, L(X,,, | Z,.,) F& P07 B v SCRIUHH PR
(i H AR AR S AT X, B9 5 Fisher 15 556 C,., = ! (25)

( Fisher Information Matrix, FIM) , SCHK[16] 5 H T
AT FIM g — A AR 7 s (B2 i%0r il 2t
H—H B FIM, RS SRR, b T AT
SLSCER[ 17 ] 42 8 T —Fh H TS CPCRLB 195
%

L(Xk+1 | Zl;k) ~ B, 2 - B, ZI[L(Xk+1 | Zl;k—l) +
B,"]"'B," (15)
TEWE WARAE T BB 7 B AT =

B," B,” B> i T AR R

B, =F'Q°'F (16)
B”=-F'Q" =(B")' (17)
Bk22 — Q—l + Bk22,h (18)

SFARLE P A AL B, i B A b Ok
K., M B2, B HERRE N —Br Markov
U E P R R P o A -8 v W18 2 B )
HARIR A8 3, AR & B 208 Mp A BUk: 7
(X, 0,0, ", I HEE RSB, A kL
FHREH R 1/ Mp, fJaiH A5t 56 5 s 1
ZAF FIM AT LR ACGE TS
L(X,., | 2Z,) = [FL7'(X,,, | Zl;k—1>FT +Q]7" +

B, > (19)
JEFE B, OCEWT .
B.>'(1,1)=
1 i i Yewr = y)’° |
So, 2 S [y =) + (i =) 7
(20)
B, 2'(12)=
1 & < et = 9y) (g —25)
sfrf; 2 [ —2,)" + (e =31 75
(21)
B, *'(1,1)=
1 i i (X —xy)

|X, =X
SO'U 2 il [(xkﬂ _xsy.)z + (ka _yj)Z]Z k+1=2k+1

(22)

B,”"(1,3)=B,"(1,4)=0,
B,”"(2,3)=B,”"(2,4)=0 (23)
B>"(3,3)= 0,B,”'(3,4)= 0,B,>'(4,4)= 0 (24)
CPCRLB REMS LR e 32 7R H AR AL 119
PERE AL, A SO CPCRLB 1F 0 1% J 2% 45 Bl vk
W], A CPCRLB R A8 R A ¢ o« 5 [a] Fil y J7 1]

Ly (1,1) + L, 7'(2,2)

K (25) FR iy HARRSATHE « T Ay 5
[ra] A7 B A s A i 1 00 5 R ) {3088, 1) e 3 H i
BAE R SRR bRk g, Hrh, L, = L(X,,, |
Z, ), ATHR IS5 0 B A CPCRLB /)N, HLak
FH BRIIEL K, U6 438 1) A% SRR 19 SRR
3.2 ERERIRRE

TESERL T MZE 281 PR & Z 5 ]
DI T BARERER . ASSCRI T IR RAE

1 E Ak A DR 25 1 WY R P B A B AR AL E
ST AR BT B DA SR 1 e Y A5
T AR, Y AR BN T

4= 1 SR A CRERER HiR (26)
Colo NIRRT A RIRER H AR

Hodr, i =1,2,,Nm,Nm A5 5 5
H0 5% 1 RFRTT SR B,

A PR TR R R A Y s A H bR Rk
1B, QSRR FH 95 25 18 2892 A ok A 25 3R A T K 1y
HEGNZH A58 8™ I FE AR BEUR, DRt A h B
PR 2R, 5 SRR 1 R AL U Sl
JEAE TR, 330 HEL 3 A 4 12 R vk kA R i B Y
S B R R = )RR 48 48 R 533 ( Binary Sparrow
Search Algorithm, BSSA ) 7Efi 16 15 s ik B2 5
BTSSR0 i, (EASIE B, X LA A BSSA &
h T AT R R SR SSA Bk AT
P25 ERE AR B SRR, SR 1 5 A Hidi B
W RIERRAE S5 0 T X B — 2045t BSSA
PR, LR AT AR R — Bk y A
325 [R) 1) Ak 5B Sy i 38 50 R AN B, B R AR
A B BGE N Nh, BT id 1656 ARRPIR S FROR
-

M, (t)= [Aad,l sAod,Z y T 3A()(1,Nh ] (27)

Hdr | od WM TS, od = 1,2, ,n,,n,
FFPEEARREL A, TR — MR BT Rk
PG HAE N 0 50 1, fRFIZ T AR E Rk, ¢
FR MBS, = 1,2, N, N, HIEICE

TE BSSA " BT TR ILE A E B
N EAR BG , R Sigmoid pREIEFREEAT B 5] & Wk
SRIL0, 1] IXIR] 4T 47

1

S(mod,k<t)) = 1+ e (bt i(1) (28)



53

Horpr, a b NEESEG od NI TS
k=1,2,--- ,Nm,
WGSBS FIE L By A T R
1 rand < S(x,,,(1))
Mo (1) = 0 rand = S(x,,,(1)) (29)
B BSSA (1438 17 PR SN -
F=¢, xD-¢, XEXxnq (30)
Forr, D 3o MR T 00O BE 2 4 3 4, A
7 20(25) KIHE; B Fon s — W 2 B ey s
AL B 2002 K FUT IR AR Y B RE 5 m B
B ZB O TR IR o A REAE S 3 i B A I AR
AR S, o, @, 230 K BE I REFE Y AL 5
.
3.3 BELHEE
SRR RS RN .
B, MRS, R 2.2 TRt feb
R ST BT AR TR AR P 4515 i AL R
$B,2 RGWEATL, 1 =0 B2, Birg 35 kb
TR, T E 0 BARPI AR AL
B3 MR 12) 1A B py B A g, I
S35 H BRI A 3 4 Ak R ER S i
P R B Rl R 1R Ry I 2 A S T A 3 K
S RS Y A
B4 AR H AR T BRI A
(1) B AL 9 5, DUBIE R KT 0 19715 mi
S RAGEIE T L, AR I R AR A 1 R A Sk AT
TR,
TS PR BOERE IR R T A E T RS
g 0 B A L Rk B I ) A Sk T R IR AR
Dijkstra BEASD0A T 125 e 6 e U0 22 Bk B A 4 HUIE 1%
TEF | P py Bl AR AR BT AR A 10 S D 0k AT R
TN, AR R B R AR AR T

HBe =1+ 102 EELEI ~ LIS,
34 (FESH

3.4.1 SR E

ARSI ET B H AR AT LA AR 2% R 1Y
H b B R, XA SCHE S 9 56 WSN 8 & 4 1k A
CPCRLB 1 H AR PR ER S A 7 R BRI IE 5 4047,
B SC T iR, R R B SC 50 A M 0 X3R4 R
[4 kmx4 km ], SEUBTRIR FH 407 (AR S0 5 22
k50, F Uk AL E Sk WX s, AR bR R
[2000,2 000] . HAriz shii AR A OV AR Hoefk
SERFERE F A RN b7 2256065 Q 4351108 -

e, &, —FPIET WSN B L AN CPCRLB Y B AR EREE T % 155
. , -
oo Lo
3 2
1 0 ¢t 0 3 2
o Lo L
01 0 ¢ 3 2
F=l0 01 o/'27%%|p
— 0 ¢+ 0
0 0 0 1 2
t2
0O — 0 1

2

Horh SREEEW 0= 1 s, BRRREIOBEL ¢, =
©,=057m=10",

AR SCR FRL 08 I 7% ok 58 B H ARRASA I, IF
K H 100 R SRR IS FoR IR AL LS R
3.42 PiE55HT

Hbrizshud i 6 fin, hE 6 nf %, Hix
WIHAAE A [3 000,500, 18] 22 Hi 5 f8AS BE )3z 3
WA SO 5 A B AL A0 1 50 A 1 45 ARl
BLBIASTT 25U 9 2% HEA T 5 A5 B ER 1 X6 1L, 100
SR RIS B R 7~ B 9 Bk, ET7~E 9
H, Static 7R A3 Bl HIL R 255 25 404 59 R 2% | Hybrid
FORMEHLERAS T M T BEML B 2S5 5505 1 1 4%
Optimized /R ShZSTT S LALSG B4

B 7 JER T ORIEV B LT B iz 3h i B 3
A LAE H , Optimized 53555 B A Al 45 3R 5 H bRk
PR AT, LT AR 2, AR EERR B
¥JRMSE W& 2, i3 2 Al %1, Optimized 5
Y] RMSE A%, U BH L BR RS B B &, PR T Static 55
TR Hybrid 3% ; Hybrid 5.9% ()°F-Y RMSE f{E A
F Optimized 535l Static B2 7], L Optimized 5
-3 RMSE WA K JF /N T Static L1971
RMSE ; Static 535 () F- ¥ RMSE B9 {8 £ K, Ui 4
Static FHIEIREAAE e 25, K 8 MR T
X3t B, IR TR [R5 AE 45 A B ZI 6 R Y
RMSE , v LA i, 15 s O0 AL ER 2B I i B 858 7 6 1)
RMSE ZEU 5 /NTHAh 2 FEIER . X Rt
Je P o % EL A AR e P B 5 R, SR AR T LS B X ) 4%
T PR PR — A 1 B A5 ) 5 Fybrid 9 7 55 R W 3
T Optimized 535, I LAFE LS 2002 4 B JC 125 A
HFRBIIEL 5 1M Static 178 55 2 0 1 e 25, B LAFE BR
B R A AR A ZITEE R B B AR, B
Bl Eas ", pr Dl R E R =Rk, ATUE
HTE 19 ~ 24 s 3% — B [8] BE N, Hybrid | Static 5
Optimized A FREFIRZZ AN ZE A, R TEX — i 72
11, Hybrid F1 Static I F¥&A 82 5BREHR SR
R ZERE AR AR E A 22 IR



156

ERRES

Y coordinate/m

X coordinate/m
E 6 BiREzhiE
Fig. 6 Target trajectory

Erh PN

K9 25l TRFIS R R BRERRERE . HI &1 9 AT LA
F il , Hybrid 59 BB #E & K, 1M Static 5 Optimized
A ABFEZ S AN R, (R Static J2& i T B ER 1 A2
M T RZ BN EE" SEEZ N2 LTRSS

N =

BREE BT LLBEFESS L Hybrid /N, 17 Optimized & —
b 5

DN

AT ZIHRA 3 AN

3 001

HERER L REFERARXT BN

=

2 501

1.00(

500

1 000 1 500 2 000 2500 3000

7 AREEHBIRRIRE RS BARKRIESHITR (L
Fig. 7 Comparison of the target tracking results of different

algorithms and the actual trajectory of the target

150]

100,

Coordinate—RMSE/m

10

15 20

Timels

B8 AEHEMIRERRZEXLLE

Fig. 8 Comparison of tracking errors of different algorithms

25 30 35 40

BEFE/10°m)

15

20

Timels

9 FREIEER BARERERREFEXT LB

Fig. 9 Comparison chart of target tracking energy consumption of

25 30 35 40

different algorithms
R2 TRBEEI L FEH RMSE
Tab. 2 Average RMSE corresponding to different algorithms

Static Hybrid Optimized
- RMSE 53.929 9 41.578 3 21.523 4
4 L5WIE

N T AR TC LA B IO 25 A7 T (1 B 5 A1 5l

N

m REFERCR IR F WSN 0 402 3 S A

RS S IR FHRR A8 48 2R B 1 R 0 I 2% 1Y
TREHEATAL , IR T W 4% B a5 AR 15 BEFRE Y 1
RESRTE, Akl T 45 i tEfE . ZEL LRI, X
Wit 7 HT CPCRLB 1y HARERER B ik T A 3¢
JITHEEET WSN #8535 i1k f1 CPCRLB 19 H b B i 5
LRSS BN R R RS B R BERE 2 18] A9 & XY 4, O
T AR

S 3 Hk
ZE BB R

(17 250 T[] 2 REACIE 1Y JCLRAZ IR R 45 A3 PR SR [T ]
%4, 2017, 35(03) :74-79, 106.

[2] M2z, LR, R, BT I A% R I 45 1 21 3 55 i 22
LW R8P E, CN101859478A[ P]. 2010-10-13.

[3] ANITHA G, VIJAYAKUMARI V, MALATHY S, et al. Air
pollution monitoring using WSN in cement factory[ J]. Journal of
Computational and Theoretical Nanoscience, 2018, 15(2) :616-
620.

[4] ABIDINH Z, DIN N M, RADZI N A B M, et al. A review on

sensor node placement techniques in wireless sensor networks[ J ].

B iR PSS

International Journal on Advanced Science,
andInformation Technology, 2017, 7(1) : 190-197.
[5] YU Xiangyu, LIU Ninghao, HUANG Weipeng, et al. A node

deployment algorithm based on Van Der Waals force in wireless

Engineering

sensor networks [ J]. International Journal of Distributed Sensor
Networks,2013,9(10) : 505710-505710.

( FFEEE 162 1)



